INTRODUCTION
Because of the need to find new large reservoir of increasing difficulty, in the past few decades, people have been trying to improve oil production rate and prolong the service life of the well, to meet human demand for fossil fuels (Vazquez-Duhalt , 2004 ). Microbial oil recovery technology is the use of microbial driving residual oil itself and its metabolites. Known as the most promising way of enhanced oil recovery, environmentally friendly, easy operation, high economic benefit (Gao,2011) . Microbial mechanism to enhance oil recovery mainly includes: reduce the surface tension, wettability, change the flow pattern, gas production and reduce the viscosity of crude oil, etc (Shabani Afrapoli ,2010) . Strain screening is a key part of microbial oil recovery technology.
At the same time ,up to two third of the original oil place in producing oilfield remains impossible to extract using current recovery technologies such as enhanced oil recovery.
SURFACTANT PRODUCING BACTRIA
Surfactant producing bacteria can produce surfactants under extreme environmental reservoir conditions. Biosurfactant produced by microorganisms mainly are lipids and glycolipids peptides amphiphilic substance that contains hydrophilic group and hydrophobic group. It can lower the surface tension of the liquid, change rock wettability, thereby improve oil recovery (Das, 2005) ,. There are two ways to obtain the biosurfactant, one is that the microorganisms can produce surfactant in surface that can be injected into the ground, and another is that nutrients can be injected into underground to activate endogenous microbes to produce surfactant. In current research and applications, the most used bacteria includes Bacillus subtilis, Pseudomonas aeruginosa and Enterobacter cloacae etc. The present paper summarize the research status of different bacteria to provide the reference to relevant research.
Bacillus subtilis
Bacillus subtilis K1 isolated from aerial roots of banyan tree was studied, which can secrete mixture of surfactins, iturins and fengycins with high degree of heterogeneity. The mixture of these cyclic lipopeptides exhibited very good emulsification activity as well as excellent emulsion stability. The emulsion of hexane, heptane and octane prepared using culture supernatant of K1 can remained stable up to 2 days while emulsion of four stroke engine oil can remained stable for more than a year. The biosurfactant have stable surface activity at 100℃for 2h, over a pH range of 6-12h and a NaCl concentration (up to 10% (w/v)). The critical micelle concentration (CMC) of crude lipopeptide biosurfactant is 20.5µg/ml. The application of biosurfactant on laboratory scale sand pack column saturated with four stroke engine oil resulted in 43% enhanced oil recovery (Pathak, 2014 ABSTRACT: Microbial enhanced oil recovery has high economic benefit, convenient operation, environment friendly, and many other advantages. With the deepening of research, technology continues to mature, its application in the oil industry is increasingly widespread. And the using biosurfactant is the main methods to improve the oil recovery in MEOR process. According to the different species of surfactant producing bacteria. Bacillus subtilis, Pseudonomas aeruginosa, Enterobacter Cloacae and other surfactant producing bacteria are briefly introduced in order to provide reference for related research.
concentrations (Wang, 2011) . Four different hydrocarbon mixtures, three Bacillus subtilis strains isolated from crude oil samples and a sand-pack column model designed were used to simulate oil recovery operations and evaluate mobilization of residual oil. The oils after incubation with B. subtilis isolates showed a reduction in the percentage of long-chain n-alkanes and lower viscosity compared with the original oils. Additional oil recoveries between 6 to 24% were obtained with different the hydrocarbon mixture and bacteria (Gudina,2013) . Three Bacillus subtilis strains (#309, #311 and #573) isolated from Brazilian crude oils were studied. The chemical component of mixtures secreted by the three isolates are very similar that contains C13-,C14-and C15-surfactin in different proportions. The structure of surfactant secreted were in good agreement with their surface-activities and by the three strains have better interfacial-activity and oil recovery efficiency compared with common chemical surfactants (Pereira . 2013).
Pseudonomas aeruginosa
Pseudomonas aeruginosa strain FIN2, a newly isolated strain from oil reservoir was studied aiming to purify and structurally characterize. The studies show that the biosurfactant produced by FIN2 is rhamnolipid and its four main fractions were Rha-C10-C10(46.1%), Rh-Rha-C10-C10(20.1%), Rha-C8-C10(7.5%) and Rha-C10-C12:1 (5.5%). Meanwhile, rhamnolipid congeners containing β-hydroxy fatty acids of C6, C9, C10:1 and C11 were also proved to be present in the rhamnolipid mixture produced, which was rarely reported before. The rhamnolipid mixture reduced the surface tension of distilled water to 28.6 mN/m with a CMC value of 195 mg/L (Liu, 2014) . Pseudomonas aeruginosa, Bacillus subtilis and Rhodococcus erythropolis isolated from the formation water of Chinese petroleum reservoir were studied. Biosurfactant produced by the three isolates has been compared in surface abilities and oil recovery. Maximum production of P. aeruginosa reached up to about 2.66g/l and a strong surface activity of the biosurfactant was exhibited by lowering the surface tension of liquid from 71.2 to 22.56.mN/m. Biosurfactant of P. aeruginosa attained an emulsion index of 80% for crude oil which was greater than other strains. The biosurfactants from three isolates were able to be stable at condition of salt concentration of 20g/l and temperature of 120℃. But stability of the three biosurfactants was affected by monovalent and trivalent ions. Oil recovery experiments in physical simulation showed 7.2-14.3% recovery of residual oil after water flooding when the biosurfactant of three strains was added(Xia, 2011). The ability of Pseudomonas aeruginosa MM1011 to grow and produce rhamnolipid using sunflower as sole carbon source under nitrogen limitation was shown. The production of Rha-C10-C10 and Rha2-C10-C10 was confirmed. The rhamnolipid mixture obtained exhibited a strong surface activity by lowering the surface and interfacial tension of water to 26 and 2 mN/m, respectively, with CMC value of 120 mg/L. The surfactant was found to be stable at very low concentrations, over a wide range of temperatures, pHs, and salt concentrations, and it also has the ability to emulsify oil. Oil recovery experiments showed 27% of original oil in place was recovered after water flooding when 120 mg/L rhamnolipid was added (Amani, 2013) . The cell-containing supernatants from cultures of native rhamnolipid producer Pseudomonas aeruginosa PA14, recombinant Escherichia coli carrying genes responsible for rhamnolipid production and P. aeruginosa PDO111 with repressed transcription of rhamnolipid production genes has been compared in oil recovery and compared to chemical surfactants in experiments with sand pack columns. The rhamnolipids described was found in P. aeruginosa PA14 culture supernatant extracts, but not in E. coli pF1bR4 or P. aeruginosa PDO111. Presence of rhamnolipids and some other biosurfactants including cell surface parts or bacterial cells led to enhancement of oil recovery when two different oil production mechanisms, water-flood drive and solution-gas drive, were applied(Kryachko, 2013).
Enterobacter Cloacae
To quantify the effects of two mechanisms of IFT reduction and wettability alteration, different tests including oil spreading, in situ and ex situ core flooding, wettability measurement (Amott), IFT, viscosity and pH measurements were performed using Enterobacter Cloacae .The results demonstrated considerable effects of both mechanisms on the tertiary oil recovery; however after a proper shut in time period, more tertiary oil was recovered because of wettability alteration mechanism. SEM images taken from the treated cores showed biofilm formation on the rock pore surfaces, which is responsible for rock surface wettability alteration (Sarafzadeh, 2013) . The fermentative production of biosurfactants by five Bacillus strains in a bench-scale bioreactor and evaluation of biosurfactant-based enhanced oil recovery using sand pack columns were investigated. Biosurfactants of the microorganisms were able to reduce the surface tension and interfacial tension to 28 mN/m and 5.8-0.5 mN/m, respectively, in less than 10 hours, with CMC value of 19.4-39 mg/L and crude surfactant concentration of 0.08-1.1g/L. Oil recovery experiments showed 30.22-34.19%of residual oil saturation was recovered after water flooding, by sand pack column studies, when crude biosurfactant preparation obtained from Bacillus strains was added (Joshi, 2013) . The effect of cell structure on ultimate microbial recovery efficiency which is the most dominant mechanism based on the microorganism types (gram-negative or grampositive) was investigated using B. stearothermophilus SUCPM#14 and E. cloacae. The final results showed that the cells of B. stearothermophilus SUCPM#14 adhere more into the oil/water interface compared to E. cloacae and change its rheological properties. Eventually, contradicting results revealed that biosurfactant produced by E. cloacae was able to considerably reduce the interfacial tension and alter the wettability of the rock(to neutral conditions)while biosurfactant produced by B. stearothermophilus SUCPM#14 was not very effective (Sarafzadeh, 2014 ).
Others
The metabolic, biochemical, and oil-degradation characteristics, as well as their oil displacement in the core of three biosurfactant-producing indigenous short rod bacillus bacteria strain (XDS1, XDS2, and XDS3) isolated from a petroleum reservoir in the Daqing Oilfield in China after polymer flooding were studied. Bacterial cultures show that the oilspreading values of the fermentation fluid containing all three strains are more than 4.5 cm with an approximate 25 mN/m surface tension. The hydrocarbon degradation rates of each of the three strains exceeded 50%, with the highest achieving 84%.Several oil recovery agents were produced following degradation. At the same time, the heavy components of crude oil were degraded into light components, and their flow characteristics were also improved. The surface tension and viscosity of the crude oil decreased after being treated by the three strains of microorganisms. The core-flooding tests showed that the incremental oil recoveries ranged from 4.89% to 6.96% ( She, 2011) . The biosurfactant production of two surfactant producing bacteria HD-322-2 and T103 is 321mg/L, and 195mg/L, respectively. The core-flooding tests showed that the compound of HD-322-2 and T103 exhibit strong ability of enhancing recovery with oil recovery efficiencies from 5% to 7% were achieved, after water flooding(Kang, 2013). Bacillus licheniformis DY-9 was studied. The results obtained showed that emulsification index of emulsions with paraffin remains at about 55% in 96 hours. The activity of biosurfactant produced by DY-9 was found to be stable at 25-100℃. Over a pH range of 2 -12, the surface tension of the fermented liquid was less than 30 mN/m. And the fermented liquid of DY-9 were able to support the condition up to 10% salinity (Xiao, 2013 ).An indigenous surfactant producing bacterium, Rhodococcus sp. strain TA6 was isolated from Iranian oil contaminated soil. The bacterium could growth and produce biosurfactants using sucrose and several hydrocarbon substrates as sole carbon source. The biosurfactant synthesized by TA6 was able to reduce surface tension of the growth medium from 68mNm-1 to values below 30mNm-1. The biosurfactant was capable of forming stable emulsions with various hydrocarbons ranging from pentane to light motor oil. Preliminary chemical characterization revealed that the TA6 biosurfactant consisted of extracellular lipids and glycolipids. The biosurfactant was stable during exposure to high salinity (10% NaCl), elevated temperatures (120°C for 15min) and within a wide pH range (4.0-10.0). The culture broth was effective in recovering up to 70% of the residual oil from oilsaturated sand packs (Shavandi, 2011 ).
CONCLUSION
Currently, Surfactant producing bacteria attach much attention in the study of microbially enhanced oil recovery. It also has great potential in microbial enhanced oil recovery. The application of biosurfactant on laboratory scale sand pack column resulted in up to 43% enhanced oil recovery. They were able to support the condition up to 120℃ and can greatly reduce the surface tension. Biosurfactants have advantages of readily degradable, little pollution. Some surfactant producing tbacteria also can be capable of degradation of oil.
